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The Chemical Fomposition of Maple Sugar Sand*

of sugar sand deposit
tion of sugar sand.

SUMMARY

The gritty material obtained by filtering commercial maple sirup was ana-
Iyzed to determine its camposition and to relate its composition to the amount
to determine the factors responsible for the forma-
e samples, taken over a two-year period, contained

calcium, malic acid, and undetermined material (probably silica) as the major
constituents. The calcium, malic acid, and calcium malate content gave highly
significant positive correlations with the amount of sugar sand formed, whereas
the percentage of undetermined material gave a negative correlation. There
was also evidence that the malic acid content was more critical in the formation
of sugar sand than the|calcium content. Highly significant negative correla-
tions were obtained between the percent sugar sand deposited and the iron,
copper, and boron content. Further, these constituents also gave highly sig-
nificant negative correlations when compared with the caleium content of the

sugar sand. The prese

peared to have little eff

organic acids present in

Results showed that sug

ce of potassium, magnesium, and molybdenum ap-

three unidentified organic acids.
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insoluble substance formed when the sap of
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ect on the formation of sugar sand. The nonvolatile
sugar sand were determined by paper chromatography.
zar sand contains malic, citric, succinic, fumaric, and

the sugar maple tree (Acer spp.) is concen-
trated to maple sirup. Some of this sandy
material is deposited on the evaporating pan,
while most of the sugar sand stays suspended
in the sirup and must be removed by sedi-
mentation or filtration to meet federal as
well as some state standards of clarity for
table maple sirup.

Willits (1958) reported that the quantity
and color of sugar sand are not always the
same, for the constituents of the sap vary
with the year, run, and sugar bush location.
He also reported that the species of maple
will affect the quantity of sugar sand de-
posited. Gallander (1961) found that sugar
sand ranged in color from almost white to
black, and further, these extreme color
changes were noted in different runs from
the same sugar bush during the same season.

Salts of organic acids are generally agreed
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to be important constituents of maple sugar
sand. Calcium malate has been recognized
as the principal organic salt in sugar sand
(Noller, 1958; Shead, 1952; Willits, 1958).
Nelson (1928) separated and identified the
following organic acids in maple sugar sand:
1-malic, formic, acetic, fumaric, succinic, and
citric acids. More recently Willits (1958)
reported that maple sirup contained the fol-
lowing nonvolatile organic acids: malic,
citric, succinic, fumaric,| glycolic or dihy-
droxybutyric, and seven|unidentified acids.

Some of the first investigators of sugar
sand found varying amounts of calcium and
malic acid in this material. Huston and
Bryan (1899) reported that the sugar sand
samples - they examined | contained 12.89%
calcium and 20.86% malic acid. Warren
(1911), in a more detailed analysis, deter-
mined some 10 constituents of sugar sand.
He reported that the constituents varied
only within narrow limits, and his results
showed the concentration of calcium to be
17.16% and malic acid [to be 51.48% An
investigation by Snell and Lockhead (1914)
of six sugar sand samples that were washed
and air dried showed |that the insoluble
material contained 65-83% calcium malate,
6-18.5% silica, minor quantities of magne-
sium, manganese, phosphorus, and iron, and
10-17% undetermined material.

In the present investigation, the amount
of sugar sand formed in/a given amount of
maple sirup was related to its chemical com-
position. The chemical| constituents were
further examined and their relationship to
one another and to the quantity of sugar
sand deposited was studied. The results
presented represent data from the analysis
of sugar sand from sirups made in two suc-
cessive years.

MATERIALS AND METHODS

The sugar sand samples were obtained from
commercial maple sirup producers located in north-
eastern Ohio. The samples|from the 1960 season
were from 19 producers, and the 1961 samples
were from 10 producers. ch sample of sugar
sand represented the deposit formed in at least
5 gallons of maple sirup. e samples were re-
moved from the filters by scraping the sand into
polyethylene bags and trangporting to the Horti-
culture Laboratories in Woopster, where they were
kept under refrigeration (32-36°F) until analyzed.
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Sugar sand was arbitrarily defined for this study
as the material deposited on the filter minus the
moisture content and total sugar content. The
percent sugar sand for each run was determined
by the following formula:

% SS = 100 (WSS)/[(WMS) + (WFM)]
where SS = sugar sand, W = weight, MS =
maple sirup, FM = material retained on the filter.

Preliminary investigations by Davis and Gal-
lander (1959) showed that an attempt to remove
the sirup from the sugar sand by washing could
dissolve and remove some of the constituents of
the sugar sand. All samples, therefore, were ana-
lyzed without attempting to remove the sirup por-
tion.

The moisture content was determined on the
“as received” sugar sand samples with the
A.O.A.C. vacuum oven method (A.O.A.C., 1950).
The sugar content was determined on the “as
received” samples from both seasons and on the
dried samples of the 1961 season. The sugars
were inverted to reducing sugars by acid hydroly-
sis and determined by the A.O.A.C. procedure
(A.O.A.C,, 1950) and the results calculated as
percent sucrose. pH was determined with a glass-
electrode Beckman Zeromatic pH meter. The free
acid content was determined by titrating 1.0 g
of sample in 50 ml of distilled water to a pH of
8.3 with 0.01N NaOH.

The total calcium, magnesium, and potassium
content of the sugar sand samples was determined
by flame photometry with a Beckman DU spectro-
photometer with photomultiplier and flame attach-
ment. A 1-g dried sample was ashed at 490°C
for 7 hr and then cooled and moistened with dis-
tilled water. The ash was treated with 10-ml
of conc. HCl and evaporated slowly to dryness.
A second 10-ml portion of conc. HCl was added,
and, after again evaporating to dryness, the resi-
due was dissolved in 20 ml of 1.5N HNOs, trans-
ferred to a 100-ml volumetric flask, and made to
volume. After the insoluble material had settled
out, the solution was analyzed. The flame spec-
trum was measured at the following wavelengths:
calcium, 422 my; magnesium, 285.2 mu; and po-
tassium, 767 mp.

The total manganese, boron, phosphorus, mo-
lybdenum, copper, and iron content was determined
by spectrographic analysis with a B & L 1.5-meter
replica grating spectrograph. The samples were
prepared for the analysis by ashing at 490°C for
7 hr. Absorption readings were also recorded for
the lines representing aluminum and silica, and
results relating to these two constituents are
based on the absorption percent rather than on
the actual content of aluminum or silica in the
sample.

Malic acid was determined by a modification of
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the method described by Willits e al.

Since a major portion of the

(1958).

alic acid was pres-

ent in the form of calcium malate, it was neces-
sary to remove the calcium from the malic acid
component. One g of dried sugar sand was dis-
solved in 125 ml of distilled wdter and centrifuged

to removed insoluble material

The supernatant

liquid was passed through a Dowex resin column

(17 X 0.75 in.) containing 50
(H+) at a rate of 2 to 3 ml per

ml of cation resin
min. The resulting

effluent was diluted to 250 ml by washing the
column with approximately three bed volumes of

water. The remainder of the
same as that of Willits et al.
The total organic acids cont

procedure was the
(1958). -
ent was determined

by transferring 200 ml of the cation-free sugar

sand solution that was used

in the malic acid

determination to a Dowex 1-8X (formate) resin

column (17 X 0.75 in.) and
through the column at a rate
The column was washed with
the eluate gave a negative anths
hydrate.
column by passing approximat
formic acid through the column|

allowing to pass
of 2 ml per min.
distilled water until
rone test for carbo-

The acids were eluted off the resin

ely 200 ml of 10N
atarate of 1 to 2

ml per min. A 5-ml sample was transferred to a

test tube and evaporated to
filtered air over the surface of
Five ml of CO.-free water wa
test tube, and the solution was
NaOH using phenolphthalein a
percent total acids was calcula
acid factor.

The presence of nonvolatile
the sugar sand samples was in
chromatographic methods. A
was dissolved in 500 ml of
filtered to remove the insolul
the filtrate was passed thro]
(hydrogen) cation exchanger.
was washed with 150 ml of

remove all free acids, the acids
a Dowex 1-8X (formate) resin.

washed with distilled water to
as shown by a negative anthr
hydrates. The acids were elu
with 200 ml of 10N formic aqg
was concentrated by boiling u
grams would give the best re
chromatograms were prepare
Whatman No. 1 paper and

ascending chromatography w
three solvent mixtures: I) n-l
water (4:1:5 v/v); II) n-bi
water (10:2:5 v/v); and 1
formic acid (1:1 v/v). The
by spraying with a 0.04% soluti
blue in 959% ethanol at pH 6.9.

dryness by passing
the liquid at 40°C.
s then added to the
titrated with 0.01N
s an indicator. The
ted using the malic

organic acids in
vestigated by paper
10-g dried sample
distilled water and
Jle material. Then
ugh a Dowex 50
After the column
distilled water to
were absorbed on
This column was
remove the. sugars
pne test for .carbo-
ted from a column
id, and the effluent
ntil the test paper-
solution. The acid
d by spotting on

ith the following
butanol-acetic acid-
ntanol-formic acid-
II) #n-pentancl-5N
acids were located

were developed by

ion of bromophenal.

Data from the foregoing analysis were -treated
by statistical procedures described by Snedecor
(1956).

RESULTS AND DISCUSSION

Chemical constituents causing the forma-
tion of sugar sand. Tables 1 and 2 show
complete chemical analysis of sugar sand
obtained from maple sirups made in 1960
and 1961. Table 3 shows the correlation
coefficients of the chemical constituents as
compared to the amount of sugar sand
formed. Although there is a highly signifi-
cant positive correlation between the amount
of sugar sand formed and the percent cal-
cium, total malic acid, total organic acids,
and calcium malate for the 1960 and 1961
sirups, the correlation coefficients are not as
high as was expected. - The highly signifi-

‘cant correlation between the quantity of

sugar sand formed and total organic acid
content is actually of little importance since
in all samples the malic acid is by far the
major organic acid and there is no signifi-
cant correlation between the amount of sugar
sand deposited and the percentage of other
organic acids.

Some of the heavy metals—iron, copper,
and aluminum in particular—showed sig-
nificant negative correlations with the quan-

- tity of sugar sand formed. The correlation

coefficients for aluminum and silica are
questionable, since the amounts were not
measured quantitatively, so that correlations
were based only on their spectrophotometer
absorption values.

Thus, the only substances-that had ‘highly
significant positive correlations with the
amount of sugar sand formed were calcium,
total malic acid, and calcium malate. These
results support the theory that calcium
malate is a major constituent affecting the
formation of sugar sand.

Although the presence of calcium and
malic acid in the sap will, to some extent,
determine the amount of sugar sand de-
posited, the actual amount of these two
constituents (referred to as calcium- malate
in the tables) in the sugar sand as:it comes
from the filter is less than 50% (Tables 1
and 2). The sugar content of these samples,
as shown in Table 2, was at least 30% in
all samples, and in some it amounted to more
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than 80%. Most maple sirup producers

from the last run of sap was significantly

agree that as the season progresses, the * higher than that in sirup from the first run
amount of sugar sand formed increases. If of sap and the malic acid content also showed
this is true, the percentage |of calcium and “the same trend, the difference in the calcium
malic acid would also be expected to increase  content between the two runs of sirup was
accordingly. Table 4, howeyer, shows that not significant. These results indicate that
the probability of ‘having mlore sugar sand the amount of malic acid contained in the
deposited in the last run as compared to the sap could be more critical than the calcium
first run was very small in the 1960 samples  content in determining the quantity of sugar
and highly probable for those samples taken sand formed during the evaporation of the
from the 1961 sirups. Further, in the sam- sap to sirup. The data in Tables 1 and 2
ples from the 1961 season, although the show that the ratio of calcium content to
amount of sugar sand formed in sirups made malic acid content averages about 1:3, which
Table-1. Rdsults of the chemical analysis of sugar sand (1960).
Sample Zoatsxggi?tr gg % % mt:l Z?g;oxfﬁ ‘74'; a?:ls. cal‘cy{’um
code * run Mg K acid acids than malic malate ®
031 0.06 1.52 0.171 0.625 1.67 171 0.04 3.23
032 0.03 0.98 0.160 0.261 2.36 2.63 0.27 3.34
045 1.20 '6.81 0.047 . 0.289 17.70 17.92 0.22 2451
101 © 016 0.35 0.001 0.325 237 2.46 0.09 232
102 1.09 4.60 0.044 0.258 13.94 14.56 0.62 18.54 -
103 0.66 3.30 0.044 0.300 10.37 10.95 0.58 13.67
161 0.23 0.35 0.103 0.300 144 1.52 0.08 1.79
162 0.02 0.45 0.074 0.400 T 144 - 1.54 0.10 - 1.89
163 0.02 0.45 0.056 0.355 115 1.89 074 - 160
171 0.16 5.90 0.041 0.205 15.34 15.96 0.62 21.24
172 0.35 5.78 0.044 0.350 15.11 15.84 0.73 20.89
173 0.51 . 7.58 0.038 - 0.300 22.30 23.66 1.36 1115
181 0.16 0.55 0.017 0.375 338 3.40 0.02 -3.93
191 0.09 1.10 0.029 - 0.273 - 476 4.87 0.11 5.86
192 0.54 7.13 0.065 0.210 17.91 29.62 1171 2504
193 0.44 5.78 0.032 0.238 17.85 18.02 0.17 . 23.63
213 0.71 6.90 0019 0213 25.18 25.34 0.16 32.08
231 0.09 0.35 0.006 0.270 © 107 1.98 091 < 142 -
241 0.01 0.98 0.087 0.233 2.31 2.78 - 0.47 329
291 0.12 0.48 0.006 0.335" 0.71 1.32 0.61 1.19
302 0.03 0.35 0.000 0.270 1.11 1.45 0.34 1.46
311 0.04 0.30 0.001 0.183 0.51 0.96 0.45 0.81
312 0.01 0.30 0.015 0.083 0.48 0.84 0.36. 0.78
313 0.02 .0.35 0.023 0.215 0.74 1.60 0.86 1.09
- 351 0.08 5.25 0.047 0.335 1445 20.48 6.03 19.70
352 0.19 7.80 0.032 0.250 19.93 26.87 694 2773
371 0.42 6.60 0.044 0.305 17.42 21.93 4.51 24.02
381 0.18 0.83 0.026 0.325 342 4.77 1.35 425
411 1.30 5. 0.001 0.253 21.02 23.14- 212 2692
413 1.11 5.5 0.023 0.335 16.81 S 1742 0.61 22.31
445 0.40 0.6 0.006 0.353 1.34 2.34 1.00 1.99
491 0.02 1 0.012 0121 261 4.08 1.47 3.61
Range  001—  030—  0000—  0083—  048— 084—  002—  078—
vales  130% 780w 01719 06259 25189 29629 . 1171% 3208%

b Percent calcium plu

* First two numbers dt

signate the collaborator; the last number is the run number.

percent total malic acid.
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Table 3. Correlation coefficients. between vari-
ous chemical constituents and the amount ot sugar

sand formed (1960 and 1961).

Cortelation coefficients

Constituents correlated 1964 1961
% sugar sand vs:
% calcium 629 ** 639 **
% potassium —.049 —.263
9% magnesium —.192 219
% manganese .044
% phosphorus —.238
ppm iron —.513*
ppm copper —.483 *
ppm boron —.287
ppm molybdenum —.195
aluminum content —.535 **
silica content —.414
% calcium malate 689 ** 584 **
pH —.087
% free acid —.038
% total malic acid 689 ** 562 **
% total organic acids  .611 ** 573 **
% acids, other than
malic .062 434
% undetermined material —.365

* Indicates significance at the 5% level.

** Shows significance at the

further indicates that the

1% level.

amount of malic

acid present could be a limiting factor in
the formation of calcium malate.

The chemical composition of sugar sand.
Table 2 shows the percentages of the various

constituents of the dried
1962 season, which conts
and adhering sugar. Varig
sugar content of the samp
ences in the sugar sand d
the adhering sugar could
before analysis without the
of the sugar sand constitug

samples from the
jined sugar sand
ations in the total
les caused differ-
ontent, and since
not be removed
removal of some
nts, this variation

was mathematically eliminated by adjusting

Table 4. Statistical cg

of the season and the last run of the season.

the values shown in Table 2 and expressing
them on a sugar-free basis. This was done
by dividing the percent of each constituent
shown in Table 2 by the percent sugar sand
of the dried sample and multiplying by 100.
The adjusted values are given in Table 5.

These results are similar to those in
Table 2 in that although there is a wide
range of values for each constituent, the
major components were calcium, malic acid,
and undetermined ‘material.

The correlation coefficients between the
adjusted amount  of chemical constituents
and the percent sugar sand, shown in
Table 6, were similar to those reported in
Table 3 for the unadjusted values except
that the negative correlations between iron,
copper, boron, and the undetermined ma-
terial become highly significant. The nega-
tive correlation coefficient between iron con-
tent and percent sugar sand (—.629) is
higher than the positive correlation coeffi-
cient between malic acid content and percent
sugar sand (.597) and is almost as high as
the correlation coefficient between calcium
content and percent sugar sand (.655).

Although there was no significant corre-
lation between percent sugar sand and per-
cent undetermined material before the values
were adjusted (Table 3), after the value:
were adjusted to eliminate the effect of tota
sugars content there was a highly significant
negative correlation (—.630). Since it ha:
been previously reported (Snell and Lock
head, 1914) that the silica content in sugas
sand is quite high, it could be assumed tha
most of this undetermined material is prob
ably silica. The presence of silica in the
sap apparently has little importance in the
formation of sugar sand since the correla
tion is negative. This assumption was fur

mparison of various constituents in sugar sand between the first run

First run Last run

N x x D.F. t P
1960
Amount of sugar sand deposited 8 0.27 0.37 7 1.14 .30
1961
Amount of sugar sand deposited 10 0.30 0.63 9 3.63 .01
Calcium content 10 3.45 5.16 9 1.43 20
Total malic acid content 10 9.78 1541 9 3.66 .01
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ther supported by Gallander (1961), who
analyzed the sap from a cooperator that has
had no sugar sand formatipn in the past 15
years and found that silica was present in
concentrations equivalent to that of other
cooperators who had the usual sugar sand
deposits.

None of the highly significant correlation
coefficients between the gmount of sugar
sand deposited and the varipus chemical con-
stituents are particularly |high. However,
there is a definite indication that in those
sirups in which a large amount of sugar
sand was deposited, the major constituents
of the sugar sand were calcium and malic
acid (presumably as calcium malate). In
runs in which only a small|amount of sugar
sand was formed, the sugar sand was com-
posed mainly of wundetermined material
(probably silica and extraneous material). It

Table 6. Correlation coefficients between the
adjusted values of the chemical |constituents and the
amount of sugar sand formed and the adjusted
percent calcium—1961 season.

Constituents correlated Correlation coefficient

9% sugar sand vs:

% calcium .655 **
% potassium —.557 *
% magnesium —.339
% manganese —.292
% phosphorus —.460 *
ppm iron —.629 **
ppm copper —.535 *
ppm boron —.575 **
ppm molybdenum —.333
% calcium malate 620 **
% f{ree acids —.438
% total malic acid 597 **
% total organic acids .608 **
% acids, other than malic 216
% undetermined material —.630 %%
% calcium (adjusted) vs:

% potassium — 428 *
% magnesium —.496 *
% manganese —.696 **
% phosphorus — 678 **
ppm iron — 818 **
ppm copper —.903 **
ppm boron —.908 **
ppm molybdenum —.283
% total malic acid 953 **

* Indicates significance at the 5% level.
** Shows significance at the 19 level.

is quite possible that this deposition of unde-
termined material is fairly constant between
runs and even between cooperators since its
importance increased only as the amount of
sugar sand formed in a given amount of
sirup decreased.

Table 6 also shows the relation between
calcium content and several of the other
important constituents of sugar sand. The
positive relation between calcium content
and total malic acid content is highly sig-
nificant (.953) and further supports the
theory concerning the formation of insoluble
calcium malate during evaporation. The
high negative correlation between calcium
content and boron content (—.908) can be
partially explained by the established nega-
tive effect of calcium on the uptake of boron
in plants. Experimental results concerning
the highly significant negative correlation
coefficients between calcium content and
copper (—.903) and iron (—.818) content
are still too scanty to permit a general con-
clusion.”

The range of values of every constituent
tested during both seasons is quite large
(Tables 1 and 2). This is not unusual,
since the sirup samples represent different
areas within the state. Table 2 compares
two runs from the same cooperator, show-
ing only minor differences between the two
runs of each producer in the amounts of
potassium, magnesium, and manganese. The
amounts of magnesium, manganese, and
molybdenum in the sugar sand samples are
not correlated with the amount of sugar

sand deposited, and their presence appar-

ently has no relation to the deposition of
sugar sand (Tables 3 and 6).

Nonvolatile organic acids. Fig. 1 gives
typical chromatograms showing the location
of the organic acids in sugar sand. The
n-pentanol-5N formic acid (1:1 v/v) de-
veloping solvent gave the best resolution of
the three solvents used in this study. Be-
cause of the masking effect of the large
amount of malic acid present, three chro-
matograms were made on each sugar sand
sample. Each chromatogram represents the
material washed from approximately one-
third of a column. The nonvolatile acids
were identified by relating the R, value of

each spot on the chromatogram to the R
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Fig. 1. Typical papercro ograms of a sugar
sand sample, showing the location jof the organic
acids.

values of the reference compdunds. Four
of the seven acids present were identified
by their Ry values as citric (spots A;, A,
and C;), malic (spots B;, Bj, and Ds),
succinic (spot F3), and fumari¢ (spot Gs).
The presence of these four acids has been
reported by Nelson (1928) and |Porter et al.
(1951).

It is quite evident in Fig. 1 that the con-
centration of malic acid was (considerably
higher than that of the other acids. These

results, supported by the chemical analysis

of the sugar sand shown in Tables 1 and

2, are attributed to the relatively high con-

centrations of calcium malate in sugar sand.

The presence of other unidentified acids
in maple products was reported by Willits

(1958), whose results indicated the presence

of four unidentified acids in maple sap and

sirup and three additional unidentified acids
in the sirup.
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